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Abstract: The natural level of radioactivity in building materials is one of the major causes of indoor 
gamma radiation. Using of building materials containing naturally occurring radionuclides as 226Ra, 
232Th, and 40K results in external and internal exposures of individuals living in dwellings made of these 
materials. By the determination of the radioactivity level in building materials, the indoor radiological 
hazard to human health can be assessed. This is an important precautionary measure whenever the dose 
rate is found to be above the recommended limits. The aim of this work was to measure the specific activity 
concentration of 226Ra, 232Th and 40K in commonly used building materials from New Assiut city 
(EGYPT), using gamma-ray spectrometer. The radiological hazard associated with the studied building 
materials was estimated by different approaches. The obtained results in the present study are compared 
with the reported data of other countries. 
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Introduction  
 
Human populations have always been exposed to ionizing radiation from natural sources. 
The members of the radioactive decay chain of 
232
Th (14%), 
235
U and 
238
U (55.8%), 
along with 
40
K (13.8%), are responsible for the main contributions to the dose from 
natural radioactivity while a mere of 0.3% is due to the effect of 
87
Rb (Bruzzi et al., 
1997). In many parts of the world, building materials containing radioactive material 
have been used for generations. As individuals spend more than 80% of their time 
indoors, the internal and external radiation exposure from building materials creates 
prolonged exposure situations (ICRP, 1999). The external exposure is caused by gamma 
radiation originally from the member of uranium and thorium decay chains and from 
40
K. 
The internal exposure is caused by the inhalation of radon (
222
Rn), thoron (
220
Rn) and 
their short lived decay products. Generally, natural building materials reflect the geology 
of their site of origin. Knowledge of basic radiological parameters and radioactive 
contents in the building materials is important since it allows us to calculate the exposure 
of the population to the radiation from natural sources. It plays an important role in the 
protection measurement, geoscientific research and guidelines for the use and 
management of these materials. During the last decades, there has been an increasing 
interest in the study of natural radioactivity of building materials in many countries 
(Xinwei , 2005; Faheem et al., 2008; Flores et al., 2008; B. Mavi and I. Akkurtn ,2010;; 
El-Arabi, 2005; El-Tahawy and Higgy, 1995; Mollah. et al., 1986; Stoulos et al., 2003). 
The aim of this study is to measure the natural radioactivity in commonly used building 
materials in New Assiut city (EGYPT) the results were used to assess the potential 
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radiological hazards associated with these building materials by computing radium 
equivalent activity, gamma-index, and radiation hazards. 
 
Materials and Methods  
Sampling and sample preparation 
 
A total of 21 samples of natural and manufactured building materials commonly used in 
new Assiut city, Egypt were collected randomly from sites where housing and other 
building were constructed and from the building material suppliers for the measurement 
of the specific radioactivity of 
226
Ra, 
232
Th and 
40
K. Deposit samples were oven dried at a 
temperature of 105° C for 12 h and sieved through a 200 mesh. The dried samples were 
transferred to polyethylene Marinelli beakers. Each deposit sample was left for at least 4 
weeks to reach secular equilibrium between radium and thorium, and their progenies 
(Kurnaz et al., 2007). 
 
Gamma spectrometric analysis 
 
Activity measurements have been performed by gamma ray spectrometer, employing a 
scintillation detector (3 × 3 inch). It is hermetically sealed assembly, which includes a 
NaI (Tl) crystal, coupled to PC-MCA Canberra Accuspec. To reduce gamma ray 
background, a cylindrical lead shield (100 mm thick) with a fixed bottom and movable 
cover shielded the detector. The lead shield contained an inner concentric cylinder of 
copper (0.3 mm thick) in order to absorb X-rays generated in the lead. In order to 
determine the background distribution in the environment around the detector an empty 
sealed beaker was counted in the same manner and in the same geometry as the samples. 
The measurement time of activity or background was 43200 s. The background spectra 
were used to correct the net peak area of gamma rays of measured isotopes. A dedicated 
software program, Genie 2000 from Canberra, was used to carry out the on-line analysis 
of each measured gamma-ray spectrum. The 
226
Ra radionuclide was estimated from the 
351.9 keV (36.7%) γ-peak of 214Pb and 609.3 keV (46.1%), 1120.3 keV (15%), 1728.6 
keV (3.05%) and 1764 keV (15.9%) γ-peaks of 214Bi. 232Th radionuclide was estimated 
from the 911.2 keV (29%) γ-peak of 228Ac, 238.6 keV (43.6%) γ-peak of 212Pb and 583.1 
kev (84.5) γ-peak of 208Tl. 40K radionuclide was estimated using 1,461 keV (10.7%) γ-
peak from 
40
K itself. All procedures were described in previous publications (Issa et al., 
2012). 
 
Results and discussion 
Radionuclide activity concentrations 
 
The average activity concentrations of 
226
Ra, 
232
Th and 
40
K in building materials 
commonly used in New Assiut city, Egypt are presented in Table 1. The activity 
concentration for 
226
Ra, 
232
Th and 
40
K ranges from 19.8±0.1 (Portland cement) to 
41.7±2.1 Bqkg
-1 
(Clay brick), from 8.3±0.4 (Sand) to 25.9±1.3 Bqkg
-1
 (Limestone) and 
from 18.6±0.9 (Gypsum) to 189.9±9.5 Bqkg
-1 
(Clay brick), respectively. Fig. 1 shows the 
different kinds of building materials with activity concentration. Table 2 lists the 
comparison between activity concentrations and radium equivalents (Bq kg
-1
) for selected 
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building materials, obtained in other countries with those determined in this study. As 
shown from the table, the radioactivity in building materials varied from one country to 
another. This could be due to the geological differences, since these values were not the 
representative values for the countries mentioned but for the regions from where the 
samples were collected. 
 
Table 1: Mean Activity concentration, radium equivalent activities Raeq, gamma-index Iγ and radiation 
hazards of studied building materials samples. 
 
Material 
Samp
les 
 No. 
Mean specific activity (Bq/kg) 
Req  
(Bq/kg) 
Iγ 
Radiation hazard 
226
Ra 232Th 40K (Hex) (Hin) 
Limestone 3 24.6±1.2 25.9±1.3 107.9±5.4 70.1 0.25 0.19 0.26 
Soil 
3 
29.5±1.5 14.8±0.7 180.4±9.0 64.7 0.23 0.17 0.25 
Portland cement 
3 
19.8±0.1 15.18±0.8 126.6±6.3 51.3 0.18 0.14 0.19 
Clay brick 
3 
41.7±2.1 22.1±1.1 189.9±9.5 88.0 0.31 0.24 0.35 
Sand 3 29.1±1.5 8.3±0.4 155.4±7.3 53.0 0.19 0.14 0.22 
Clay 3 40.1±2.0 23.1±1.2 183.6±9.2 87.3 0.31 0.24 0.34 
Gypsum 
3 
36.5±1.8 10.4±0.5 18.6±0.9 52.8 0.18 0.14 0.24 
 
As shown in Table 2, the results were compared also with the world wide average 
concentrations which are 35, 30 and 400 Bq kg
-1
 for 
226
Ra, 
232
Th and 
40
K, respectively 
(UNSCEAR, 2000). It was found that all obtained results are lower than the world 
average values except for clay brick, clay and gypsum samples, are slightly higher in case 
of 
226
Ra concentration. 
 
Fig. 1. Calculated values of activity concentration radium equivalent activity 
in the studied building materials.
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Evaluation of radiological hazard effects 
Radium equivalent activities (Raeq) 
 
Radium equivalent (Raeq) index in Bq kg
-1
 is a widely used radiological hazard index. It 
is a convenient index to compare the speciﬁc activities of samples containing different 
concentrations of 
226
Ra, 
232
Th and 
40
K.  
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Table 2: Comparison between the activity concentrations of studied building materials with that of other 
countries of the world. 
 
Materials Country 
Mean specific activity 
 (Bq/kg) 
Req 
 (Bq/kg) 
References 
226
Ra 
232
Th 
40
K 
Sand 
Pakistan 20 29 383 91 Faheem et al., 2008 
Greece 18 17 367 70.2 Stoulos et al., 2003 
Cuba 17 16 208 55.9 Flores et al., 2008 
Brazil 14.3 18 807 102.2 Malanca A .et al., 1993 
India 43.7 64.4 455.8 170.8 Vireshkumar et al. (1999) 
Egypt 9.2 3.3 47.3 16.6 Ahmed N and Hussein A (1988) 
Egypt 29.1±1.5 8.3±0.4 155.4±7.3 53.0 Present work 
World 35 30 400 – UNSCEAR (2000) 
Portland  
cement 
 
Pakistan 25 37 245 69 Faheem et al., 2008 
Greece 20 13 247 57.61 Stoulos et al., 2003 
Cuba 23 11 467 74.69 Flores et al., 2008 
Brazil 61.7 58.5 564 188.8 Malanca A. et al., 1993 
Australia 51.8 48.1 115 129 Beretka and Mathew (1985) 
Egypt 31.3 11.1 48.6 50.9 Ahmed N and Hussein A (1988) 
Egypt 19.8±0.1 15.18±0.8 126.6±6.3 51.3 Present work 
World 35 30 400 – UNSCEAR (2000) 
Clay  
brick 
 
Pakistan 23 35 431 106 Faheem et al., 2008 
Cuba 57 12 857 140 Flores et al., 2008 
Australia 41 89 681 220 Beretka and Mathew (1985) 
Finland 78 62 962 241 NEA-OECD (1979) 
Germany 59 67 673 207 NEA-OECD (1979) 
Egypt 24 24.1 258 78 El-Tahawy and Higgy (1995) 
Egypt 41.7±2.1 22.1±1.1 189.9±9.5 88.0 Present work 
World 35 30 400 – UNSCEAR (2000) 
Gypsum 
 
Algeria 50 21 275 – Amrani and Tahtat (2001) 
China 64.7 48.7 161.3 – Xinwei (2005) 
Turkey 27.5 15.6 200.2 – B.Mavi andI.Akkurtn (2010) 
Egypt 31.7 55 116 116 El-Taher A (2010) 
Egypt 36.5±1.8 10.4±0.5 18.6±0.9 52.8 Present work 
World 35 30 400 – UNSCEAR (2000) 
Limestone 
 
Algeria 16 13 36 – Amrani and Tahtat (2001) 
China 19.5 13.4 63.2 – Xinwei (2005) 
Turkey 28.8 8.9 76.4 – B.Mavi andI.Akkurtn (2010) 
Egypt 20.4 4.4 19.3 25.4 Ahmed N and Hussein A (1988) 
Egypt 24.6±1.2 25.9±1.3 107.9±5.4 70.1 Present work 
World 35 30 400 – UNSCEAR (2000) 
 
This index can be calculated according to Beretka and Mathew (Beretka and Mathew, 
1985): 
 
Raeq = ARa + 1.43ATh + 0.077AK                        (1) 
 
Where ARa, ATh and AK are the speciﬁc activities of 
226
Ra, 
232
Th and 
40
K in Bq kg
-1
, 
respectively.  
Table 1 show that, the highest radium equivalent value is 88 Bq kg
-1
 for clay brick 
samples. The results are displayed in Fig.1. The average values are lower than the limit of 
370 Bq kg
-1
 adopted by the Organization for Economic Cooperation and Development 
(Beretka and Mathew, 1985). 
 
Hazard indices (Hex and Hin) 
 
In order to measure the hazards one can deﬁne radiation hazard indices (Ahmad N. and 
Hussein A., 1988): the external radiation hazard (Hex), and internal radiation hazard (Hin). 
The external hazard index is a criterion to assess the radiological suitability of a material. 
It is deﬁned as follows: 
 
Hex = ARa/370 + ATh/258 + AK/4810                   (2) 
 
where ARa, ATh and AK are the activities of 
226
Ra, 
232
Th and 
40
K, respectively, in Bq kg
-1
. 
The values of the indices should be < 1. The internal hazard index is a criterion for index 
radiation hazard. In addition to gamma rays, 
222
Rn plays an important role for internal 
exposure in a room.  
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Effectively, the radio toxicity of 
238
U is increased by a factor of two to allow for the 
contribution from 
222
Rn and its short lived progeny. The internal exposure due to radon 
and its daughter products is quantiﬁed by the internal hazard index Hin (Ravisankar et al., 
2012), which has been deﬁned as shown below: 
 
Hin = ARa/185 + ATh/258 + AK/4810                   (3) 
 
The internal hazard index is deﬁned so as to reduce the acceptable maximum 
concentration of 
238
U to half the value appropriate to external exposures alone. For the 
safe use of materials in the construction the following criterion was proposed by Krieger 
(Krieger, 1981) Hin ≤ 1.  
 
Fig. 2. The calculated values of gamma index, external and internal 
hazard indices in the studied building materials.
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In general, the external and internal hazard indices of studied building materials samples 
are less than the unity, as listed in Table1 and displayed in Fig.2.  
 
Gamma index (Iγ) 
 
A number of indices dealing with the assessment of the excess gamma radiation arising 
from building materials such as external and internal hazard indices and gamma-
concentration indices have been proposed by several investigators (Beretka and Mathew, 
1985; Krieger, 1981). In this study, the gamma-index (Iγ) was calculated as shown below: 
Iγ = CRa/300 + CTh/200 + CK/3000                (4) 
Where CRa, CTh and CK are the activity concentrations of 
226
Ra, 
232
Th and 
40
K in Bq.kg
-1
, 
respectively. The value of gamma index depends on the dose criterion and the mode and 
quantity of the materials used in a building. As is suggested by the European commission 
for the materials used in bulk amounts, the exemption dose criterion (0.3 mSv y
-1
) 
corresponds to Iγ ≤ 0.5, whereas  the dose  criterion 1 mSv/y corresponds to  Iγ ≤ 1 (EC, 
1999). On the other hand, for superﬁcial and other materials, the corresponding values of 
Iγ should be between 2 and 6. The calculated values of gamma index for building 
materials analyzed in this work are tabulated in Table1 and are displayed in Fig.2. The 
gamma index the Iγ in building materials varied between 0.18 in Portland cement and 
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0.31 in clay and clay brick samples. No exceeding of the recommended upper limit is 
noted. 
 
Conclusion 
 
The specific radioactivity values of 
226
Ra, 
232
Th and 
40
K in commonly used building 
materials used for the construction purposes in new Assiut city have been determined by 
gamma-ray spectrometer. For each sample in this study, the specific activity, radium 
equivalent activity, gamma index and radiation hazard indices have been determined to 
assess the radiological hazards from the building materials. The activity concentrations 
are within the world values although some extreme values. The calculated mean radium 
equivalent activity (Raeq) values for all the building materials examined are lower than 
the recommended maximum level of radium equivalent of 370 Bq kg
-1
. Also, the external 
(Hex) and internal (Hin) hazard indices have been determined to be less than the 
recommended value. Moreover the calculated mean values of gamma index (Iγ) are below 
the criterion of unity. The values obtained in the study are within the recommended 
safety limit, showing that the building materials do not pose any important radiation 
hazard and hence the use of these materials in the construction of dwelling is considered 
to be safe for the inhabitants.  
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